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(54) ACCELERATION SENSOR, DISPLAY APPARATUS, DETECTION SYSTEM, AND DETECTION

METHOD

(57) An acceleration sensor, a display device, a de-
tecting system and a detecting method are provided; the
acceleration sensor (10) includes two electrodes (11, 12)
arranged opposite to and insulated from each other, and
a cavity (13) arranged between the two electrodes (11,
12); a liquid layer (14) is arranged in the cavity (13), and

the liquid layer (14) occupies a portion of internal space
of the cavity (13). A display device integrated with the
acceleration sensor (10) has advantages such as high
degree of integration, compact structure and low produc-
tion cost and so on.
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Description
TECHNICAL FIELD

[0001] Atleast one embodiment of the present disclo-
sure provides an acceleration sensor, a display device,
a detecting system and a detecting method.

BACKGROUND

[0002] A transducer/sensor is a detecting device,
which can sense information to be measured, and con-
vert the sensed information into electrical signals or into
information output in other required forms according to
a certain law or rule, so as to meet requirements such
as information transmission, processing, storage, dis-
play, recording and control, and so on.

[0003] An acceleration sensor is an electronic device
which can measure acceleration and displacement. For
example, the acceleration sensor can detect AC signals
and vibration of an object. For example, people in motion
may generate certain regular vibration, and the acceler-
ation sensor can detect a zero crossing point of the vi-
bration to calculate the number of walking or running
steps of the person, so as to calculate the acceleration
or the displacement by the person.

[0004] With the development of the display technology
and constant increase in application requirements of a
user on display products, mobile terminals such as a cell
phone, a tablet computer or the like are incorporated with
a variety of sensors to form the display device having
various monitoring functions, which has become a hot
spot of research in the related art.

SUMMARY

[0005] Atleast one embodiment of the present disclo-
sure provides an acceleration sensor, a display device,
a detecting system and a detecting method, so as to pro-
vide a new acceleration sensor and improve degree of
integration of the acceleration sensor and the display de-
vice.

[0006] At least one embodiment of the present disclo-
sure provides an acceleration sensor, comprising: two
electrodes arranged opposite to and insulated from each
other, and a cavity arranged between the two electrodes,
wherein, a liquid layer is arranged in the cavity, the liquid
layer occupying a portion of internal space of the cavity.
[0007] Atleast one embodiment of the present disclo-
sure provides a display device, comprising the above-
described acceleration sensor.

[0008] At least one embodiment of the present disclo-
sure provides a detecting system for the above-described
display device, comprising: a signal receiving module,
configured to acquire capacitance values of the at least
three acceleration sensors at a first time and capacitance
values of the at least three acceleration sensors at a sec-
ond time, respectively; a calculating module, configured
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to respectively calculate a capacitance value change
amount of each acceleration sensor according to the ca-
pacitance value atthe firsttime and the capacitance value
atthe secondtime, respectively calculate a sensing result
of the acceleration sensor according to the capacitance
value change amount, and calculate an absolute value
of a difference between a sensing result of each accel-
eration sensor and a sensing result of each of the re-
maining acceleration sensors; and a judging module,
configured to determine whether the absolute value is in
apredetermined threshold range, wherein, if an absolute
value of a difference between a sensing result of one
acceleration sensor and a sensing result of each of at
least two of the remaining acceleration sensors is out of
the predetermined threshold range, the sensing result of
the acceleration sensor is determined not in a normal
range; the sensing resultis an acceleration or a displace-
ment.

[0009] Atleast one embodiment of the present disclo-
sure provides a detecting method for the above-de-
scribed display device, comprising: acquiring capaci-
tance values of the at least three acceleration sensors
at a first time and capacitance values of the at least three
acceleration sensors at a second time, respectively; re-
spectively calculating an a capacitance value change
amount of each acceleration sensor according to the ca-
pacitance value atthe firsttime and the capacitance value
atthe secondtime, respectively calculate a sensing result
of the acceleration sensor according to the capacitance
value change amount, and calculate an absolute value
of a difference between a sensing result of each accel-
eration sensor and a sensing result of each of the re-
maining acceleration sensors; and determining whether
the absolute value is in a predetermined threshold range,
wherein, if an absolute value of a difference between a
sensing result of one acceleration sensor and a sensing
result of each of at least two of the remaining acceleration
sensors is out of the predetermined threshold range, the
sensing result of the acceleration sensor is determined
not in a normal range; the sensing result is an accelera-
tion or a displacement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Inordertoclearlyillustrate the technical solution
of the embodiments of the disclosure, the drawings of
the embodiments will be briefly described in the following;
it is obvious that the described drawings are only related
to some embodiments of the disclosure and thus are not
limitative of the disclosure.

FIG. 1ais a structural schematic view of an acceler-
ation sensor provided by Embodiment | of the
present disclosure;

FIG. 1b is a structural schematic view of the accel-
eration sensor provided by Embodiment | of the
present disclosure in a case of moving;

FIG. 1cis a structural schematic view of another ac-
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celeration sensor provided by Embodiment | of the
present disclosure;

FIG. 2a is a structural schematic view of a display
device provided by Embodiment Il of the present dis-
closure;

FIG. 2b is a structural schematic view of the accel-
eration sensor provided by Embodiment Il of the
present disclosure in case of moving;

FIG. 3a is a structural schematic view of a display
device provided by Embodiment Il of the present
disclosure;

FIG. 3b is a structural schematic view of the accel-
eration sensor provided by Embodiment Ill of the
present disclosure in a case of moving;

FIG. 4a is a structural block diagram of a detecting
system provided by Embodiment IV of the present
disclosure; and

FIG. 4bis a flow chart of a detecting method provided
by Embodiment IV of the present disclosure.

DETAILED DESCRIPTION

[0011] In order to make objects, technical details and
advantages of the embodiments of the disclosure appar-
ent, the technical solutions of the embodiments will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the disclosure. Apparently, the described embodi-
ments are just a part but not all of the embodiments of
the disclosure. Based on the described embodiments
herein, those skilled in the art can obtain other embodi-
ment(s), without any inventive work, which should be
within the scope of the disclosure.

[0012] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the presentdisclosure belongs. The terms "first,"
"second," etc., which are used in the description and the
claims of the present application for disclosure, are not
intended to indicate any sequence, amount or impor-
tance, but distinguish various components. Also, the
terms such as "a," "an," etc., are not intended to limit the
amount, but indicate the existence of at least one. The
terms "comprise," "comprising," "include," "including,"
etc., are intended to specify that the elements or the ob-
jects stated before these terms encompass the elements
or the objects and equivalents thereof listed after these
terms, but do not preclude the other elements or objects.
The phrases "connect", "connected”, etc., are not intend-
ed to define a physical connection or mechanical con-
nection, but may include an electrical connection, directly
or indirectly. "On," "under," "right," "left" and the like are
only used to indicate relative position relationship, and
when the position of the object which is described is
changed, the relative position relationship may be
changed accordingly.

[0013] In study, inventors of the present disclosure
have noted that, in a current mobile terminal, acceleration

10

15

20

25

30

35

40

45

50

55

sensors are individually manufactured by using a Micro
Electro-Mechanical System (MEMS) process, and then
placed on a motherboard of the terminal product, but in
this way, there is a disadvantage of low degree of inte-
gration.

[0014] Atleast one embodiment of the present disclo-
sure provides an acceleration sensor, a display device
integrated with the acceleration sensor, and a detecting
system and a detecting method for the display device.
The acceleration sensor provided by the embodiment of
the present disclosure may be manufactured with a dis-
play region structure of the display device synchronously,
so that the display device has high degree of integration,
compact structure and low production cost.

Embodiment |

[0015] The present embodiment provides an acceler-
ation sensor, and as shown in FIGS. 1a to 1c, the accel-
eration sensor 10 comprises two electrodes arranged op-
posite to and insulated from each other, i.e., a first elec-
trode 11 and a second electrode 12, and a cavity 13 ar-
ranged between these two electrodes; a liquid layer 14
is provided in the cavity 13, and the liquid layer 14 occu-
pies a portion of the internal space of the cavity 13, i.e.,
a volume of the liquid layer 14 in the cavity 13 occupies
a portion of the volume of the cavity 13, that is, there is
a certain distance from the liquid layer 14 to at least part
of an inner surface (e.g., an inner surface 13b) of the
cavity 13.

[0016] Inthe presentembodiment, "a certain distance"
only means that the liquid layer 14 is not in contact with
the inner surface 13b of the cavity 13, butis not limitative
in the length of the distance.

[0017] In the acceleration sensor provided by the em-
bodiment, the first electrode 11 and the second electrode
12 are arranged opposite to and insulated from each oth-
er, so that capacitance can be generated therebetween;
since the liquid layer 14 occupies a portion of internal
space of the cavity 13, when the acceleration sensor is
in a process of accelerating motion, the liquid layer 14
can be movedinthe cavity 13 due to inertia, and a change
in the capacitance between the first electrode 11 and the
second electrode 12 can be caused by the motion of the
liquid layer 14, and thus the displacement of the liquid
layer 14 can be calculated according to the change in
the capacitance between the first electrode 11 and the
second electrode 12, so as to calculate an acceleration
of the acceleration sensor.

[0018] For example, a gap 15 may be left between the
liquid layer 14 and the inner surface 13b of the cavity 13
in order to facilitate the liquid layer 14 to move in the
cavity 13 smoothly. For example, the gap 15 may occupy
the remaining internal space of the cavity 13 except for
the space occupied by the liquid layer 14. For example,
the gap 15 may be filled with insulating gas 16, and the
insulating gas 16 has a dielectric constant different from
that of the liquid in the liquid layer 14. For example, the
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insulating gas 16 is immiscible with the liquid in the liquid
layer 14. For example, the insulating gas 16 may be a
gas commonly known in the art such as nitrogen, inert
gas, air or the like.

[0019] Of course, besides the liquid layer 14 arranged
in the cavity 13, other liquid may be filled in the remaining
internal space, that is, a second liquid layer may be fur-
ther arranged in the cavity 13. The liquid in the second
liquid layer is immiscible with the liquid in the liquid layer
14; the liquid in the second liquid layer and the liquid in
the liquid layer 14 may fully fill entire internal space of
the cavity 13, or may not fill the entire internal space of
the cavity 13.

[0020] Thefirst electrode 11 and the second electrode
12 may be made of a material or materials commonly
used in the art, for example, metal such as aluminum,
magnesium, molybdenum, titanium, copper or zirconium,
or conductive metal oxide such as ITO (indium tin oxide)
or the like, which is not limited here. It should be noted
that, the first electrode 11 and the second electrode 12
only represent two different electrodes, and positions
thereof are exchangeable.

[0021] The cavity 13 may be implemented in a variety
of ways. For example, the portions forming the cavity 13
may include at least one of the first electrode 11 and the
second electrode 12. For example, as shown in FIGS.
1a and 1b, the cavity 13 may be formed by sealingly
connecting the first electrode 11, the second electrode
12 and a sidewall 13c located therebetween, that is, the
first electrode 11 and the second electrodes 12 respec-
tively serve as a bottom plate and a top plate of the cavity
13, and in this case, the inner surface 13b of the cavity
13 is the surface of the second electrode 12 facing the
liquid layer 14. Alternatively, for example, as shown in
FIG. 1c, the cavity 13 may be formed by sealingly con-
necting the first electrode 11, a solid insulating layer 17
and a sidewall 13c arranged therebetween, and in this
case, the inner surface 13b of the cavity 13 is the surface
of the second electrode 12 facing the liquid layer 14. Of
course, the cavity 13 may be also formed separately, and
then fixed between the first electrode 11 and the second
electrode 12 to form the acceleration sensor 10.

[0022] The liquid in the liquid layer 14 may be any kind
of liquid, for example, the liquid may be insulating, such
as a kind of insulating ink or the like, or the liquid may be
conductive, such as a salt solution or the like.

[0023] For example, in a case where the liquid in the
liquid layer 14 is a conductive liquid, in order to prevent
the conductive liquid from electrically conducting the first
electrode 11 with the second electrode 12, a solid insu-
lating layer 17 for separating the liquid layer 14 from at
least one of the first electrode 11 and the second elec-
trode 12 may be arranged therebetween, as shown in
FIG. 1c. The present embodiment of the present disclo-
sure does not limit a material of the solid insulating layer
17, as long as it may prevent the liquid layer 14 from
electrically conducting the first electrode 11 with the sec-
ond electrode 12. For example, the solid insulating layer
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17 may be connected with a sidewall of the cavity inter-
secting with the first electrode 11 or the second electrode
12, to prevent the first electrode 11 and the second elec-
trode 12 from being electrically conducted when the liquid
layer 14 moves.

[0024] Ofcourse,asolidinsulatinglayer may be further
arranged between the liquid layer 14 and at least one of
the first electrode 11 and the second electrode 12 in a
case where the liquid in the liquid layer 14 is an insulating
liquid according to actual needs.

[0025] Hereinafter, the working principle of the accel-
eration sensor provided by the present embodiment is
described in connection with FIGS. 1a and 1b by taking
an example that the dielectric constant of the insulating
gas 16 is g4, the liquid in the liquid layer 14 is an insulating
liquid and the dielectric constant thereof is €.

[0026] As shown in FIG. 1a, in a case where the ac-
celeration sensor 10 is in a static state, the liquid layer
14 is flatly laid on the first electrode 11 and in contact
with the sidewall 13c of the cavity 13, and the distance
between the liquid layer 14 and the second electrode 12
is dq; and in this case, the capacitance C between the
first electrode 11 and the second electrode 12 is equal
to the capacitance value of the capacitor C, generated
by the insulating gas 16 and the capacitor C, generated
by the liquid layer 14 that are connected in series, the
capacitance C,=¢4A/4nkd,; and the capacitance
C,=¢g,A/47kd,, where A denotes an area in which both
the first electrode 11 and the second electrode 12 corre-
spond to the liquid layer 14 and the insulating gas 16.
[0027] As shown in FIG. 1b, according to the principle
of inertia, in a case where the acceleration sensor moves,
the liquid layer 14 moves in the direction opposite to the
moving direction, and thus a certain distance S (the dis-
tance S is a displacement of the acceleration sensor)
between the liquid in the liquid layer 14 and the sidewall
13c of the cavity 13 is generated, and the distance be-
tween the liquid layer 14 and the second electrode 12 is
reduced to d,’; and in this case, the capacitance C’ be-
tween the first electrode 11 and the second electrode 12
is a result of connecting the capacitor C,4 generated by
a first portion (as shown on a left side of a dotted line in
FIG. 1b) of the insulating gas 16 with the capacitor C,’
generated by the liquid layer 14 in series and then con-
necting with the capacitor C,, generated by a second
portion of the insulating gas 16 (as shown on a right side
of the dotted line in FIG. 1b) in parallel, where the capac-
itance  Cq{=¢4A4/4nkd,’, the capacitance C,’
=g,A4/4mkdy’, and the capacitance
C1o=g1As/4nk(d,’+dy’), A4 denotes an area in which the
first electrode 11 and the second electrode 12 corre-
spond to the liquid layer 14 and the first portion of the
insulating gas 16, and A, denotes an area in which the
first electrode 11 and the second electrode 12 corre-
spond to the second portion of the insulating gas 16.
[0028] By respectively detecting the capacitances Cg
and Cy’ of the acceleration sensor in static state and ac-
celerating state and calculating an amount of change in
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the capacitance, the displacement S of the liquid layer
14 in the acceleration sensor 10 can be calculated ac-
cording to the amount of change in the capacitance, and
further the acceleration of the acceleration sensor is cal-
culated, so as to sense the displacement and the accel-
eration.

[0029] Similarly, in a case where the liquid in the liquid
layer 14 is a conductive liquid, the capacitance C, be-
tween the first electrode and the second electrode in FIG.
1ais equal to the capacitance C4=¢,A/4rkd, generated
by the insulating gas 16; and the capacitance C’ be-
tween the first electrode and the second electrode in FIG.
1b is a result by connecting the capacitor C,, generated
by a first portion of the insulating gas 16 and a capacitor
C1, generated by a second portion of the insulating gas
16 in parallel, where the capacitance Cq1=g4A4/4nkd’,
and the capacitance Cq,=g4A5/4nk(d,'+d,’). The dis-
placement or the acceleration sensed by the acceleration
sensor can be calculated according to Cg, Cy'.

Embodiment Il

[0030] The embodiment provides a display device,
which comprises the acceleration sensor 10 provided by
Embodiment I.

[0031] Forexample, as shown in FIGS. 2a and 2b, the
display device provided by the embodiment may have a
display region and a sensing region, and comprises an
array substrate 100 having a first base substrate 100a
and an opposed substrate 200 arranged opposite to the
array substrate 100 and having a second base substrate
200a; in the sensing region, an acceleration sensor 10
is arranged between the first base substrate 100a and
the second base substrate 200a, and the acceleration
sensor 10 comprises two electrodes arranged opposite
to and insulated from each other, i.e., a first electrode 11
and a second electrode 12, and a cavity 13 arranged
between these two electrodes; a liquid layer 14 is pro-
vided in the cavity 13, and the liquid layer 14 occupies a
portion of internal space of the cavity13, that is, the cavity
13 has aninner surface (not shown) facing the liquid layer
14, and there is a certain distance from the liquid layer
14 to the inner surface.

[0032] It should be noted that, the acceleration sensor
10 may be configured with reference to Embodiment I,
which will not be repeated here; FIGS. 2a and 2b only
take an example that the first electrode 11 of the accel-
eration sensor is located in a lower layer and the second
electrode 12 is located in an upper layer for description,
however, positions of the first electrode 11 and the sec-
ond electrode 12 are also exchangeable.

[0033] In the display device provided by the embodi-
ment, the acceleration sensor 10 is arranged between
the array substrate 100 and the opposed substrate 200
and may be manufactured with a structure of the display
region synchronously, so that the display device provided
by the embodiment has advantages such as high degree
ofintegration, compact structure and low production cost.
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[0034] For example, in the display region, an elec-
trowetting structure 130 may be arranged between the
first base substrate 100a and the second base substrate
200a, and the electrowetting structure 130 may include
two transparent electrodes arranged opposite to each
other, i.e., afirsttransparent electrode 101 and a second
transparent electrode 201, and a display region hydro-
phobic layer 133, a display region first fluid layer 131 and
a display region second fluid layer 132 which are ar-
ranged between the first transparent electrode 101 and
the second transparent electrode 201; and the display
regionfirstfluid layer 131 is arranged between the display
region hydrophobic layer 133 and the display region sec-
ond fluid layer 132 in the direction perpendicular to a
plane where the first base substrate 100a is located.
[0035] Thefirsttransparent electrode 101 and the sec-
ond transparent electrode 201 may be used for applying
a voltage to the display region first fluid layer 131. For
example, the first transparent electrode 101 and the sec-
ond transparent electrode 201 may be made of a trans-
parent conductive metal oxide such as indium zinc oxide,
indium tin oxide, indium gallium zinc oxide, or other trans-
parent conductive material. It should be noted that, FIG.
2a only takes an example that the first transparent elec-
trode 101 is located in a lower layer and the second trans-
parent electrode 201 is located in an upper layer for de-
scription, however, positions of the first transparent elec-
trode 101 and the second transparent electrode 201 are
also exchangeable.

[0036] The display region hydrophobic layer 133 has
a hydrophobic property. The contact angle between the
display region hydrophobic layer 133 and the display re-
gion first fluid layer 131 may be changed in a case where
a voltage is applied to the display region first fluid layer
131. The display region hydrophobic layer 133 may be
a hydrophobic material commonly used in the art, for ex-
ample, the display region hydrophobic layer 133 may be
a fluid hydrophobic material such as organosilicone or
the like, or may be a solid hydrophobic material such as
polyethylene (PE), polymethylmethacrylate (PMMA) or
the like.

[0037] The position of fluid in the display region first
fluid layer 131 may be changed under an action of volt-
age, so that an area of a light-transmitting portion of each
pixel region (e.g., a region corresponding to each sub-
electrode 101a in FIGS. 2a and 2b) is changed. For ex-
ample, the fluid in the display region first fluid layer 131
may be a black ink or ink of other colors commonly used
in the art.

[0038] Fluidinthedisplay region second fluid layer 132
may wet the surface of the display region hydrophobic
layer 133, to force the fluid in the display region first fluid
layer 131 to move. For example, the fluid in the display
region second fluid layer 132 may be water or salt solution
or the like that is commonly used in the art.

[0039] A display principle of the electrowetting struc-
ture 130 is described below. When no voltage is applied
across the first transparent electrode 101 and the second
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transparent electrode 201, the surface of the display re-
gion hydrophobic layer 133 is uniformly covered by the
fluid in the display region first fluid layer 131, and in this
case the electrowetting structure 130 is in a light-tight
state. When voltages are respectively applied to the first
transparent electrode 101 and the second transparent
electrode 201, an electric field is generated between the
first transparent electrode 101 and the second transpar-
ent electrode 201, and the contact angle between liquid
droplet in the display region first fluid layer 131 and the
display region hydrophobic layer 133 is changed by the
electric field, so as to cause expansion and contraction
of the liquid droplet, which changes the area of the light-
transmitting portion of a pixel region, to realize control of
display.

[0040] In the embodiment, since the electrowetting
structure 130 is similar to the acceleration sensor 10 in
the layer structure, arranging the electrowetting structure
130 in the display region is conducive to manufacture the
acceleration sensor 10 with the display region structure
synchronously, and improve the degree of integration of
the acceleration sensor and a display panel including the
array substrate and the opposed substrate.

[0041] For example, at least one of the first electrode
11 and the second electrode 12 of the acceleration sen-
sor 10 may be arranged in the same layer as at least one
of the first transparent electrode 101 and the second
transparent electrode 201 of the electrowetting structure.
Thatis, one of the first electrode 11 and the second elec-
trode 12 of the acceleration sensor 10 may be arranged
in the same layer as one of the first transparent electrode
101 andthe secondtransparentelectrode 201 of the elec-
trowetting structure; or, as shown in FIGS. 2a and 2b,
the first electrode 11 and the second electrode 12 of the
acceleration sensor 10 may be arranged in the same
layers as the first transparent electrode 101 and the sec-
ond transparentelectrode 201 of the electrowetting struc-
ture, respectively. In this way, in a patterning process of
fabricating the first/second transparent electrodes of the
electrowetting structure in the display region, the
first/second electrodes of the acceleration sensor in the
sensing region may be further formed to reduce manu-
facturing processes, and improve the degree of integra-
tion of the acceleration sensor and the display panel.
[0042] Forexample,ina case where the display region
hydrophobic layer 133 is made of a solid hydrophobic
material, the display region hydrophobic layer 133 of the
electrowetting structure 130 may include a portion 133a
extending to the sensing region, and the portion 133a
may be connected with a sidewall 13c of the cavity 13.
In this way, a fabrication of the cavity 13 of the acceler-
ation sensor 10 may be simplified and the degree of in-
tegration of the acceleration sensor 10 and the display
panel can be improved. In another aspect, the portion
133a of the display region hydrophobic layer 133 extend-
ing tothe sensing region may be used as a solid insulating
layer of the acceleration sensor, but the embodiment ac-
cording to the present disclosure is not limited thereto,
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and the solid insulating layer of the acceleration sensor
10 may be additionally arranged.

[0043] For example, the fluid in the display region first
fluid layer 131 of the electrowetting structure 130 and the
liquid in the liquid layer 14 of the acceleration sensor 10
may be the same material, so that the liquid layer 14 of
the acceleration sensor 10 may be formed in the sensing
region when the display region first fluid layer 131 is
formed, to reduce manufacturing processes, and im-
prove the degree of integration of the acceleration sensor
and the display panel.

[0044] Ingeneral, one of the first transparent electrode
and the second transparent electrode of the electrowet-
ting structure may include a plurality of sub-electrodes
arranged in a matrix, a plurality of thin film transistors
arranged in a matrix are provided on a base substrate
where the electrowetting structure is located, and the plu-
rality of thin film transistors are correspondingly connect-
ed with the plurality of sub-electrodes of the electrowet-
ting structure, respectively, so as to supply voltages to
the sub-electrodes respectively.

[0045] Forexample,in FIGS. 2a and 2b, a first thin film
transistor 121 and a second thin film transistor 122 are
arranged between the first base substrate 100a and the
second base substrate 200a; the first transparent elec-
trode 101 or the second transparent electrode 201 of the
electrowetting structure 130 may be electrically connect-
ed with the first thin film transistor 121; the first electrode
11 or the second electrode 12 of the acceleration sensor
10 may be electrically connected with the second thin
film transistor 122, and the second thin film transistor 122
may supply a voltage to the acceleration sensor 10
through the first electrode 11 or the second electrode 12
connected thereto. A voltage is supplied to the acceler-
ation sensor 10 via the second thin film transistor 122,
since the second thin film transistor 122 may be formed
with the first thin film transistor 121 synchronously, man-
ufacturing processes can be reduced, and the degree of
integration of the acceleration sensor and the display
panel can be improved.

[0046] FIGS. 2a and 2b only takes an example that the
firsttransparentelectrode 101 of the electrowetting struc-
ture 130 includes a plurality of sub-electrodes 101a and
is electrically connected with the first thin film transistor
121 and the first electrode 11 of the acceleration sensor
10 is electrically connected with the second thin film tran-
sistor 122 for description, and the embodiments of the
present disclosure include, but are not limited thereto.
[0047] FIGS. 2a and 2b take an example that the op-
posed substrate 200 is a color filter substrate for descrip-
tion, thatis, as shown in FIGS. 2a and 2b, a second base
substrate 200a of the opposed substrate 200 is provided
with a color filter layer, and for example, the color filter
layer may include a red filter pattern R, a green filter pat-
tern G, and a blue filter pattern B. Of course, the opposed
substrate 200 may also be a transparent substrate, and
in this case, the fluid in the display region first fluid layer
may be colored to realize color display.
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[0048] The acceleration sensor 10 shown in FIGS. 2a
and 2b and the acceleration sensor shown in FIGS. 1a
and 1b have similar working principle, but have different
capacitance values in static and moving states. Other
structures of the acceleration sensor in the display device
according to the embodiment may be also referred to the
structure of the acceleration sensor described in Embod-
iment .

[0049] Hereinafter, the capacitance values of the ac-
celeration sensor 10 in the static and moving states will
be respectively described by taking an example that the
dielectric constant of the insulating gas 16 is €4, the liquid
in the liquid layer 14 is an insulating liquid and the die-
lectric constant thereof is €5, and the dielectric constant
of the display region hydrophobic layer 133 is €.
[0050] As shown in FIG. 2a, in a case where the ac-
celeration sensor 10 s in the static state, the capacitance
C, generated by the insulating gas 16 is Cy=g,A/4nkd,,
the capacitance C, generated by the liquid layer 14 is
C,=g,A/47kd, and the capacitance C3 generated by the
display region hydrophobic layer 133 is C3=¢3A/4nkds,
where A denotes an area in which both the first electrode
11 and the second electrode 12 correspond to the liquid
layer 14, the insulating gas 16 and the display region
hydrophobic layer 133, and the capacitance Cy between
the first electrode 11 and the second electrode 12 is
Co=C,® C, ® C3, where @ denotes connection in series.
[0051] As shown in FIG. 2b, according to the principle
ofinertia, in a case where the acceleration sensor moves,
the capacitance C,; generated by a first portion (as
shown on a left side of a dotted line in FIG. 2b) of the
insulating gas 16 is C44=¢,A/4nkd,’, the capacitance
C4, generated by a second portion (as shown on a right
side of the dotted line in FIG. 2b) of the insulating gas 16
is Cqo=¢g4A,/4nk(d,'+d,’), the capacitance C2’ generated
by the liquid layer 14 is C2’=¢,A,/4nkd,’, the capacitance
C34 generated by a first portion (as shown in the left side
of the dotted line in FIG. 2b) of the display region hydro-
phobic layer is C3,=g3A,/41kds, and the capacitance C3,
generated by a second portion (as shown on the right
side of the dotted line in FIG. 2b) of the display region
hydrophobic layer is C3,=g3A,/41kd,, where A, denotes
anareain which both the firstelectrode 11 and the second
electrode 12 correspond to the liquid layer 14, the first
portion of the insulating gas and the first portion of the
display region hydrophobic layer, and A, denotes anarea
in which both the first electrode 11 and the second elec-
trode 12 correspond to the second portion of the insulat-
ing gas and the second portion of the hydrophobic layer
of the display region. The capacitance C,’ between the
first electrode 11 and the second electrode 12is Cy'=(C 4
@ C,’ @ C34)//(Cy5 @ Cgy), where @ denotes connection
in parallel. Then, the displacement or the acceleration
sensed by the acceleration sensor may be calculated
according to Cy and Cy.

[0052] Forexample, the display device provided by the
embodimentmay be: aliquid crystal panel, an electrowet-
ting display panel, an OLED panel, E-paper, a cell phone,
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a tablet computer, a television, a monitor, a notebook
computer, a digital frame, a navigator or any other prod-
uct or part having a display function.

[0053] In addition, FIGS. 2a and 2b both take an ex-
ample that the display device comprises one acceleration
sensor 10 for description, but the embodiments of the
present disclosure are not limited thereto; in the sensing
region, a plurality of (two or more than three) acceleration
sensors 10 may also be arranged between the first base
substrate 100a and the second base substrate 200a. Ac-
celerations of these acceleration sensors may be calcu-
lated by arranging the plurality of acceleration sensors,
and more accurate acceleration values may be acquired
by a calculating method such as averaging or the like.
[0054] The display device integrated with the acceler-
ation sensor 10 provided by the embodiment may realize
health monitoring by using the acceleration sensor 10,
and the principle of the health monitoring is that: an
amount of change in the capacitance of the acceleration
sensor in motion is calculated according to change of AC
signal detected by a detecting circuit, so as to calculate
a number of walking or running steps of a user, further
calculating the displacement S moved by the user; and
in addition, the acceleration sensor may further calculate
calorie consumption according to the displacement
moved by the user and the formula of displacement and
energy consumption.

Embodiment IlI

[0055] The embodiment provides a display device, and
as shown in FIGS. 3a and 3b, the display device is dif-
ferent from the display device provided by Embodiment
Il in that: in a display region, a plurality of electrowetting
structures 130 arranged sequentially are arranged in a
direction perpendicular to a plane where the first base
substrate 100a is located between the first base sub-
strate 100a and the second base substrate 200a.
[0056] For example, as shown in FIGS. 3a and 3b, a
plurality of acceleration sensors 10, preferably at least
three acceleration sensors 10, may be arranged between
the first base substrate 100a and the second base sub-
strate 200a in a sensing region. With the arrangement of
the plurality of acceleration sensors, accelerations of
these acceleration sensors may be calculated, and more
accurate acceleration values may be acquired by a cal-
culating method such as averaging or the like.

[0057] For example, as shown in FIGS. 3a and 3b, the
first electrode 11 and the second electrode 12 of the at
least one acceleration sensor 10 may be arranged in the
same layer as the first transparent electrode 101 and the
second transparent electrode 201 of the one electrowet-
ting structure 130, respectively. Thatis, the first electrode
11 and the first transparent electrode 101 may be formed
in a same patterning process, and the second electrode
12 and the second transparent electrode 201 may be
formed in a same patterning process. In this way, it is
favorable to form the acceleration sensor 10 with the elec-
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trowetting structure 130 synchronously and improve a
degree of integration of the acceleration sensor and the
display panel.

[0058] Forexample, as shown in FIGS. 3a and 3b, the
plurality of acceleration sensors 10 arranged in the sens-
ing region may be arranged sequentially in a direction
perpendicular to a plane where the first base substrate
100a is located, and thus the two electrodes of the plu-
rality of acceleration sensors 10 are respectively fabri-
cated with the two transparent electrodes of the plurality
of electrowetting structures 130 synchronously. FIGS. 3a
and 3b show a one-to-one corresponding arrangement
between the electrowetting structures 130 and the accel-
eration sensors 10 arranged in the direction perpendic-
ular to the first base substrate 100a, that is, in the struc-
ture one layer of the electrowetting structure 130 corre-
sponds to one layer of the acceleration sensor 10. Thus,
the two transparent electrodes (e.g., in the diagram, the
two transparent electrodes 101 and 201 of the elec-
trowetting structure in a lower layer, or the two transpar-
entelectrodes 201 and 301 of the electrowetting structure
in an intermediate layer, or the two transparent elec-
trodes 401 and 501 of the electrowetting structure in an
upper layer) of each layer of electrowetting structure 130
and the two electrodes of the acceleration sensor 10 cor-
responding to the electrowetting structure 130 may be
arranged in a same layer, respectively.

[0059] However, the embodiments according to the
present disclosure are not limited thereto, the accelera-
tion sensors may be not stacked one on another, or may
be arranged in a direction parallel to a surface of the first
base substrate 100a or in another arranging mode. In
addition, FIGS. 3a and 3b respectively show three elec-
trowetting structures and three acceleration sensors se-
quentially arranged in a direction perpendicular to the
first base substrate, but the embodiments according to
the present disclosure are not limited thereto, a number
of which may be two or more than three.

[0060] In the embodiment, fluid in the display region
first fluid layer 131 of the electrowetting structure 130
may be a black ink or a color ink which allows light of
different colors to transmit to realize color display. For
example, as shown in FIGS. 3a and 3b, the display region
first fluid layers in the three electrowetting structures 130
may allow yellow (Y), magenta (M), and cyan (C) light to
transmit, respectively.

[0061] Anarrangement of each layer structure (includ-
ing the electrowetting structure and the acceleration sen-
sor structure) in the embodiment may be with reference
to the description of a same structure in Embodiment I,
which will not be repeated here.

Embodiment IV

[0062] The embodiment provides a detecting system
and a detecting method for a display device, and the dis-
play device comprises at least three acceleration sen-
sors, for example, the display device may be the display
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device provided by Embodiment lIl.

[0063] AsshowninFIG.4a,the detecting system com-
prises: a signal receiving module, a calculating module
and a judging module. Hereinafter, these modules are
described in detail.

[0064] The signal receiving module is configured to ac-
quire a capacitance value (i.e., the capacitance value
between the two electrodes of the acceleration sensor)
of the acceleration sensor at a first time and a capaci-
tance value of the acceleration sensor at a second time,
respectively.

[0065] For example, the capacitance values of the ac-
celeration sensors 10 located on the first base substrate
100a, the second base substrate 200a, and the third base
substrate 300a at the first time (e.g., as shown in FIG.
3a) are Cy4, Cp and Cy3, respectively, and the capaci-
tance values at the second time (e.g., as shown in FIG.
3b) are Cy¢’, Cyp’ and Cyy’, respectively.

[0066] The calculatingmoduleis configured to: respec-
tively calculate the a capacitance value change amount
of each acceleration sensor according to the capacitance
value at the first time and the capacitance value at the
second time, respectively calculate a sensing result of
the acceleration sensor according to the capacitance val-
ue change amount, and calculate an absolute value of a
difference between a sensing result of each acceleration
sensor and a sensing result of each of the remaining
acceleration sensors. For example, the sensing result of
each acceleration sensor may be an acceleration or a
displacement sensed by the acceleration sensor.
[0067] Taking the case that the sensing result is the
acceleration as an example, the calculating module may
calculate the amounts of changes AC = Cy1-Cq4, AC,
= Cpp’-Cgo, AC3 = Cy3-Cy3 of the capacitance values of
the acceleration sensors 10 in the sensing region; and
then, the accelerations a4, a, and a; of the acceleration
sensors 10 are calculated; and then, absolute values
|as-a5| and |a,-as| of differences between the accelera-
tion of the acceleration sensor arranged on the first base
substrate 100a and the accelerations of the other sen-
sors, for example, are calculated.

[0068] The judging module is configured to determine
whether the absolute value is in a predetermined thresh-
old range. If the absolute value of the difference between
the sensing result of one acceleration sensor and the
sensing result of each of at least two of the remaining
acceleration sensors is out of the predetermined thresh-
old range, the sensing result of the acceleration sensor
is determined not to be in a normal range.

[0069] For example, if the values |a;-a,| and |as-ay|
are out of the predetermined threshold range, the com-
mon changing value of the values |a4-a,| and |a4-a,|, that
is, the acceleration ay, is out of the normal range.
[0070] Afterthat, for example, the judging module may
send the determining result to the calculating module,
and the calculating module calculates a target accelera-
tion a = (a,* az)/2 according to the accelerations a, and
aj of the remaining acceleration sensors.
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[0071] Inacase where the sensingresultis a displace-
ment, a target displacement is calculated in a manner
similar to that of the acceleration, which will not be de-
scribed here.

[0072] Of course, if the absolute value of the difference
between the sensing result of each acceleration sensor
and the sensing result of each of the remaining acceler-
ation sensors is out of the predetermined threshold
range, the target acceleration "a" is an average value of
the sensing results of all acceleration sensors.

[0073] The threshold range may be determined ac-
cording to actual needs. For example, when the detecting
system is used for detecting an acceleration when a per-
son walks, and assuming that a maximum acceleration
when the person walks is a,,,, the predetermined thresh-
old range may be from 0 to a,,, or a smaller range within
arange from 0 to a,,.

[0074] For example, the signal receiving module, the
calculating module and the judging module may be inte-
grated into one chip.

[0075] The detecting system provided by the embodi-
ment may be integrated with the display device, or may
be arranged separately from the display device.

[0076] Accordingly, the detecting method provided by
the embodiment comprises steps S1 to S3 as follows.

Step S1: acquiring a capacitance value of the accel-
eration sensor at a first time and a capacitance value
of the acceleration sensor at a second time, respec-
tively.

Step S2: respectively calculating an a capacitance
value change amount of each acceleration sensor
according to the capacitance value at the first time
and the capacitance value at the second time, re-
spectively calculating a sensing result of the accel-
eration sensor according to the capacitance value
change amount, and calculating an absolute value
of a difference between a sensing result of each ac-
celeration sensor and a sensing result of each of the
remaining acceleration sensors.

Step S3: determining whether the absolute value is
in a determined threshold range. In the step, if the
absolute value of the difference between the sensing
result of one acceleration sensor and the sensing
result of each of at least two of the remaining accel-
eration sensorsis out of the predetermined threshold
range, the sensing result of the acceleration sensor
is determined not in a normal range.

[0077] Hereinafter, it is described by taking three ac-
celeration sensors for example in connection with FIG.
4b.

[0078] StepS2isperformed afterstep S1is completed,
and as shown in FIG. 4b, the amounts of changes AC;,
AC, and ACj; of the capacitance values of the sensors
may be acquired; for example, displacements of the ac-
celeration sensors are calculated according to the
amounts of changes in the capacitance values, and then
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accelerations a4, a, and a, are calculated; and then the
absolute value of the difference in an acceleration (or a
displacement) between each acceleration sensor and
each of the remaining acceleration sensors is calculated.
[0079] Forexample, values |a;-a,| and |a;-as| are cal-
culated in step S2, and then it is determined in step S3
whether the values |a;-a,| and |as-a;| are in the prede-
termined threshold range, that is, the step shown in FIG.
4b is performed, to determine whether the differences of
a4, a, and aj are in a reasonable threshold range. If so,
all values are averaged to acquire a final output value
a=(aq+ay+ay)/3; if not, the common changing value in-
volving two or more than two differences out of the thresh-
old range is discarded, for example, if the values |a;-a,|
and |a4-as| are out of the predetermined threshold range,
the common changing value a, is discarded and the re-
maining values are averaged to acquire a final output
value a=(a,+as)/2.

[0080] Steps S1 to S3 described above may be with
reference to the description of the detecting system pro-
vided by the embodiment, which will not be repeated
here.

[0081] The detecting system and the detecting method
provided by the embodiment may be applied to a display
device having at least three acceleration sensors, and a
more accurate detecting result may be acquired by cal-
culating an average acceleration after screening the
sensing results of these acceleration sensors.

[0082] What are described above is related to the il-
lustrative embodiments of the disclosure only and not
limitative to the scope of the disclosure; the scopes of
the disclosure are defined by the accompanying claims.
[0083] The application claims priority to the Chinese
patent application No.201510617496.1, filed September
24, 2015, the entire disclosure of which is incorporated
herein by reference as part of the present application.

Claims
1. An acceleration sensor, comprising:

two electrodes arranged opposite to and insu-
lated from each other, and

a cavity arranged between the two electrodes,
wherein, a liquid layer is arranged in the cavity,
and the liquid layer occupying a portion of inter-
nal space of the cavity.

2. Theacceleration sensoraccordingto claim 1, where-
in, the cavity has an inner surface, and a gap is
formed between the liquid layer and the inner sur-
face.

3. The acceleration sensor according to claim 2, where-
in, the gap is filled with an insulating gas, the insu-
lating gas having a dielectric constant different from
that of liquid in the liquid layer.
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The acceleration sensor according to claim 3, where-
in, the insulating gas is immiscible with the liquid in
the liquid layer.

The acceleration sensor according to any one of
claims 1 to 4, further comprising: a solid insulating
layer, arranged between the liquid layer and one of
the two electrodes.

Adisplay device, comprising the acceleration sensor
according to any one of the claims 1 to 5.

The display device according to claim 6, wherein,
the display device has a display region and asensing
region, and comprises an array substrate having a
first base substrate and an opposed substrate ar-
ranged opposite to the array substrate and having a
second base substrate;

in the sensing region, the acceleration sensor is ar-
ranged between the first base substrate and the sec-
ond base substrate;

in the display region, an electrowetting structure is
arranged between the first base substrate and the
second base substrate, and the electrowetting struc-
ture includes:

two transparent electrodes arranged opposite
to each other, and

adisplay region hydrophobic layer, a display re-
gion first fluid layer and a display region second
fluid layer which are arranged between the two
transparent electrodes, the display region first
fluid layer being arranged between the display
region hydrophobic layer and the display region
second fluid layer in a direction perpendicular to
aplane where the first base substrate is located.

The display device according to claim 7, wherein,

one of the two electrodes of the acceleration sensor
and one of the two transparent electrodes of the elec-
trowetting structure are arranged in a same layer; or
the two electrodes of the acceleration sensor and
the two transparent electrodes of the electrowetting
structure are arranged in same layers, respectively.

The display device according to claim 7 or 8, wherein,
the display region hydrophobic layer of the elec-
trowetting structure includes a portion extending to
the sensingregion; the cavity of the acceleration sen-
sor comprises a sidewall, the sidewall being con-
nected with the portion of the display region hydro-
phobic layer extending to the sensing region.

The display device according to any one of claims 7
to 9, wherein, the display region first fluid layer of the
electrowetting structure and the liquid layer of the
acceleration sensor are made of a same material.
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The display device according to any one of claims 7
to 10, wherein,

a first thin film transistor and a second thin film tran-
sistor are arranged between the first base substrate
and the second base substrate;

one of the two transparent electrodes of the elec-
trowetting structure is electrically connected with the
first thin film transistor; and

one of the two electrodes of the acceleration sensor
is electrically connected with the second thin film
transistor.

The display device according to claim 7, wherein,
a plurality of the electrowetting structures sequen-
tially arranged in a direction perpendicular to a plane
where thefirst base substrate is located are arranged
between the first base substrate and the second
base substrate in the display region.

The display device according to claim 12, wherein,
a third base substrate is further arranged between
the first base substrate and the second base sub-
strate, the third base substrate being arranged be-
tween the two adjacent electrowetting structures.

The display device according to claim 12 or 13,
wherein,

in the sensing region, a plurality of the acceleration
sensors are arranged between the first base sub-
strate and the second base substrate, and two elec-
trodes of at least one of the acceleration sensors are
respectively arranged in same layers as two trans-
parent electrodes of one of the plurality of the elec-
trowetting structures.

The display device according to any one of claims 6
to 14, wherein, the display device comprises a plu-
rality of the acceleration sensors.

The display device according to claim 15, wherein,
the display device comprises at least three acceler-
ation sensors.

A detecting system for the display device according
to claim 16, comprising:

a signal receiving module, configured to acquire
capacitance values of the at least three accel-
eration sensors at a first time and capacitance
values of the at least three acceleration sensors
at a second time, respectively;

a calculating module, configured to respectively
calculate a capacitance value change amount
of each acceleration sensor according to the ca-
pacitance value at the first time and the capac-
itance value at the second time, respectively cal-
culate a sensing result of the acceleration sen-
sor according to the capacitance value change
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amount, and calculate an absolute value of a
difference between a sensing result of each ac-
celeration sensor and a sensing result of each

of the remaining acceleration sensors; and

a judging module, configured to determine %
whetherthe absolute valueisin a predetermined
threshold range, wherein, if an absolute value

of a difference between a sensing result of one
acceleration sensor and a sensing result of each
of atleast two of the remaining acceleration sen- 70
sorsis out of the predetermined thresholdrange,

the sensing result of the acceleration sensor is
determined not in a normal range,

wherein, the sensing result is an acceleration or

a displacement. 15

18. A detecting method for the display device according
to claim 16, comprising:

acquiring capacitance values of the at least 20
three acceleration sensors at afirst time and ca-
pacitance values of the at least three accelera-

tion sensors at a second time, respectively;
respectively calculating an a capacitance value
change amount of each acceleration sensorac- 25
cording to the capacitance value at the first time

and the capacitance value at the second time,
respectively calculate a sensing result of the ac-
celeration sensor according to the capacitance
value change amount, and calculate anabsolute 30
value of a difference between a sensing result

of each acceleration sensor and a sensing result

of each of the remaining acceleration sensors;

and

determining whether the absolute value isina 35
predetermined threshold range, wherein, if an
absolute value of a difference between a sens-

ing result of one acceleration sensorand a sens-

ing result of each of at least two of the remaining
acceleration sensors is outof the predetermined 40
threshold range, the sensing result of the accel-
eration sensor is determined not in a normal
range,

wherein, the sensing result is an acceleration or

a displacement. 45

19. The detecting method according to claim 18, where-

in, the capacitance value of the acceleration sensor

is a capacitance value between the two electrodes.
50

55
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